estimated
by gel filtration to be about 110,000. The enzyme deaminated pterin, 6-carboxypterin, biopterin, 6-methylpterin, 7-methylpterin, xanthopterin, 6-hydroxymethylpterin, sepiapterin, isosepiapterin, folic acid, and 6,7-dimethylpterin to their corresponding lumazines, whereas guanine, 7-carboxypterin, leucopterin, isoxanthopterin, and 6-methylisoxanthopterin did not serve as substrates. The enzyme was inhibited by PCMB and 8-azaguanine.
One of the catabolic pathways for pteridines involves deamination reactions resulting in the formation of the corresponding lumazines (1). Levenberg and Hayaishi (2) first reported a pterin deaminase [EC 3.5.4.11] in the bacterium, Alcaligenes metalcaligenes.
Levy and McNutt (3) found other bacterial deaminases which deaminate xanthopterin and isoxanthopterin, but the properties of the enzymes and the bacterial strain were not reported.
McNutt (4) also reported an isoxanthopterin deaminase in Alcaligenes faecalis. In Bombyx mori, two pterin deaminases were found: one is sepiapterin deaminase, which is specific for yellow dihydropterins (5) ; the other is an isoxanthopterin-specific deaminase (6) . The occurrence of mammalian pterin deaminase in rat liver was reported by Rembold and Simmersbach (7) .
Abbreviations:
The following trivial names are used in the text: pterin, 2-amino-4-hydroxypteridine; lumazine, 2,4-dihydroxypteridine; biopterin, 2-amino-4-hydroxy-6-(L-erythro-1',2'-dihydroxypropyl)pteridine; xanthopterin, 2-amino-4,6-dihydroxypteridine; sepiapterin, 2-amino-4-hydroxy-6-lactyl-7,8-dihydropteridine; isosepiapterin, 2-amino-4-hydroxy-6-propionyl-7,8-dihydropteridine; leucopterin, 2-amino-4,6,7-trihydroxypteridine; isoxanthopterin, 2-amino-4,7-dihydroxypteridine; folic acid, pteroylmonoglutamic acid. Lumazine derivatives corresponding to sepiapterin, isosepiapterin, and biopterin are referred to as sepialumazine, isosepialumazine, and biolumazine, respectively.
During the course of studies on the degradation of sepiapterin (8, 9) , a new pterin deaminase was found in extracts of Bacillus megaterium.
In the early stages of the investigation, sepiapterin was used as the enzyme substrate in assays; subsequently it was replaced by 6-carboxypterin, because the latter proved to be a better substrate than sepiapterin.
In the present paper, a method for purifying the enzyme from bacterial extracts is described and some properties of the purified enzyme are presented.
MATERIALS AND METHODS

Bacteria and Culture
Conditions-Bacillus megaterium 63 (10) was kindly supplied by Dr. Irie of the National Institute of Animal Industry.' Cells were cultured at 36°C in brain-heart infusion (Eiken) under aerobic conditions.
After growth for 24 h, cells were harvested by centrifugation at 10,000 x g at 4°C for 15 min, washed by suspending in a small volume of 0.01 M potassium phosphate buffer, pH 7.0, and collected by centrifugation. Approximately 15 g (wet weight) of cells per liter of the medium was obtained.
The cells could be stored at -20°C for at least 3 months without appreciable loss of the enzyme activity.
Chemicals-6-Carboxypterin was prepared by alkaline permanganate oxidation of folic acid (11) . Sepiapterin and isosepiapterin were prepared by the method of Sugiura et al. (12) . Sepialumazine and isosepialumazine were prepared enzymatically (13) . Biopterin was prepared from bullfrog skin (14) . Authentic samples of 6-carboxylumazine and 6-hydroxylumazine were generous gifts from Prof. Matsuura of Nagoya University.
Other pteridines were kindly supplied by Prof. Akino of Tokyo Metropolitan University. P-Sephadex was prepared by the method of Peterson and Sober (15), using Sephadex G-25 (fine) instead of cellulose powder.
Ethoxy-cellulose was prepared by the method of Lee and Montgomery (16) . All other chemicals were obtained from commercial sources. For the calculation of concentrations of pteridines, the following absorptivities (m-1-cm-1) were utilized: 6-carboxypterin, 9.2 x 103 at 365 nm in 0.1 N NaOH (17); 6-carboxylumazine, 8.1 x 103 at 370 nm in 0.1 N NaOH (18) .
Protein Determination-Protein was determined by the method of Lowry et al. (19) , using bovine serum albumin as a standard.
Enzyme Activity Assays-The differential spec trum of 6-carboxypterin and 6-carboxylumazine shows a sharp peak at 360 nm in 0.1 M potassium phosphate buffer, pH 7.0 (2). The enzyme activity was, therefore, determined spectrophotometrically by a modification of a previously described method (13) .
I The enzyme from B . megaterium IFO 12108 showed the same substrate specificity and specific activity as that from B. megaterium 63. The latter bacterium gave a better yield than the former in the same culture systems, so B. megaterium 63 was chiefly utilized as the enzyme source. Protamine Treatment-To the crude extract, 0.1 volume of 2 % protamine sulfate was added dropwise with stirring. After stirring for a further 30 min, the precipitate was removed by centrifugation at 10.000 x a for 20 min.
Ammonium Sulfate Fractionation-Solid ammonium sulfate was added to the supernatant solution to a level of 30% saturation.
After the suspension had been stirred for 30 min, the precipitate was removed by centrifugation at 10,000 x g for 20 min. Ammonium sulfate was added to the supernatant fluid to give 55% saturation.
The suspension was stirred for 30 min and the precipitate was collected as above. The precipitate was dissolved in a small volume of 0.01 M potassium phosphate buffer, pH 7.0. Ammonium sulfate was removed by gel filtration through a Sephadex G-25 column (4 x 16 cm) equilibrated with the same buffer.
Column Chromatography on DEAF-CelluloseThe eluate from the Sephadex column was applied to a DEAE-cellulose column (2 x 20 cm) equilibrated with 0.01 M potassium phosphate buffer, pH 7.0. After the column had been washed with 100 ml of the buffer, a 400 ml linear gradient of NaCI (0 to 0.5 M) in buffer was applied to the column. The flow rate was 40 ml/h and 5-ml fractions were collected.
The active fractions (Nos. 83-88) were combined.
Column Chromatography on HydroxylapatiteThe combined solution was applied to a hydroxylapatite column (1.5 x 20 cm) equilibrated with 0.01 M potassium phosphate buffer, pH 7.0. After the column had been washed with 40 ml of the buffer, proteins were eluted with a 200 ml linear gradient of potassium phosphate buffer (pH 7.0, 0.01-0.2 M). The flow rate was 24 ml/h and 4-ml fractions were collected. The fractions containing deaminase activity (Nos. 44-48) were combined and concentrated by ultrafiltration.
The purification procedures and results are summarized in Table I . The specific activity of the final preparation was raised about 90-fold over that of the crude extract. In all subsequent work the purified enzyme was used immediately, since the purified enzyme was rather unstable; the activity decreased about 80% after standing overnight at 4°C. The activity was maintained for several months in a deep freeze (at -20 and -80°C), but freezing and thawing caused a severe loss of activity.
Determination of Molecular Weight-The mo lecular weight of the enzyme was estimated by gel filtration through a Sephadex G-150 column (1.5 x 87 cm) equilibrated with 0.1 M potassium phosphate buffer, pH 7.0. Approximately 500 leg of the enzyme was applied to the column and eluted with the buffer at a flow rate of 8 ml/h (2 ml fractions). The following proteins (molecular weights in parentheses) were used as markers: bovine fibrinogen (390,000), bovine liver catalase (247,500), bovine y-globulin (169,000), bovine serum albumin (67,000), and cytochrome c (12, 384) . Elution of the marker proteins was monitored by determining absorbance at 280 nm, and the enzyme was moni t ored by the spectrophotometric assay of its activity. The molecular weight of the enzyme was found to he approximately 110,000. Inhibitors-The inhibitory effects of several compounds on the deaminase activity were studied under the standard assay conditions.
As shown in Table II , the enzyme was inhibited considerably by 1 mm 8-azaguanine and p-chloromercuribenzoate (PCMB). The inhibitory effects of fluoride, cyanide, guanine, and amethopterin were slight or nil at the concentrations tested. The effect of pH on the deaminase reaction was examined by determining ammonia production. As shown in Fig. 1 , the optimum pH is around 7.3.
It was found that the enzyme activity was greatly decreased when Tris was used as a buffer.
Isolation of the Reaction Product-About 10 mg of 6-carboxypterin was incubated overnight with 400 units of the enzyme at 25°C in 0.1 M potassium phosphate buffer, pH 7.0. The reaction product was purified by successive chromatography on a P-Sephadex column (5 x 30 cm), an ethoxycellulose column (5 x 30 cm), and a Sephadex column (G-25, fine, 5 x 30 cm). The product was eluted with distilled water from these columns. The ultraviolet absorption spectra of the substance were identical with those of authentic 6-carboxylumazine. The paper chromatographic and elec trophoretic properties were also the same as those of 6-carboxylumazine. and 330 nm in 0.1 N HCI. The spectral characteristics resemble those of biopterin (22) . However, when the product was oxidized with alkaline permanganate, the resulting compound was identical with 6-carboxylumazine in both ultraviolet absorption spectra and paper chromatographic behavior. One of the characteristic properties of the present enzyme is its low specificity for pterin sub strates: it can deaminate a variety of pterins , in cluding dihydropterins such as sepiapterin and isosepiapterin.
In this respect, this enzyme resem bles A. metalcaligenes deaminase (2) . However, the former deaminates xanthopterin and 6,7-dimethylpterin and is scarcely inhibited by KF, while the latter does not deaminate these pterins and is inhibited by KF. Another enzyme which is capable of deaminating sepiapterin is the deaminase from B. mori (5) , but the enzyme prefers sepiapterin specifically as a substrate and utilizes other 6-acyl-7,8-dihydropterins to a lesser extent (23); furthermore it is susceptible to KF (24) , as is the deaminase from A. metalcaligenes.
Enzyme instability and a pH optimum near 6.5 are features that are common to the previously reported deaminases (2, 6, 7) except for sepiapterin deaminase.
Sepiapterin deaminase is very stable and has a pH optimum at 8.0 (13) . Pterin deami nase in B. megaterium, presented in this paper, is rather unstable and has a pH optimum at 7.3, properties which place it midway between the other types of deaminases.
The reported occurrence of unconjugated pterins in bacteria indicates that they must be present in low concentrations. Therefore the amount of pterins in bacteria may well be regulated by the deamination reaction. However, elucida tion of the exact biological role of pterin deaminase in bacteria must await further studies.
